This paper appraises quantitatively the efficiency of public expenditure of 15 Latin American countries using cross-country data for averages between 2000 and 2009. For this purpose two non-parametric methods are used: Data Envelopment Analysis (DEA) and Free Disposal Hull (FDH). Selected output indicators in primary and secondary school are evaluated respect to public spending in education per student. As a study case, Colombia's efficiency scores are compared with the most efficient peers in each of the educational levels to identify best practices and achieve better results.
Introduction
The public intervention in education, especially at the elementary learning level, has been accepted as one of the most important public policies for the social and economic development.
2 According to Mukherjee (2007) the so-called 'New Growth Theories' justify the public intervention on education because of three reasons: a) the long-term increase in the expected income of its citizens, b) higher growth of the economy, and c) lower poverty levels.
Nevertheless, the most important conclusion is that the process of improving educational outputs should be focused on strengthening the educational systems and uses the resources efficiently to reach the necessary educational level for the development of the region. In other words, the main challenge for Latin America is not just how to spend more resources in education, but also how to spend them better.
2 Specifically the public expenditure is the most important mechanism that the government has to expand the educational outputs and increase the learning level of the population. However, most of the diagnoses about the education sector in Latin America agree that there is still a big gap between the ambitious desired output levels and the critical start point where the whole region is on. This gap is becoming bigger because of a lack of correspondence between the resources spent in the sector and the educational past debts, needs, and goals of all the countries (Tadesco and Lopez, 2002 In this sense, this paper appraises quantitatively the efficiency of public expenditure of 15 Latin American countries using cross-country data for averages between 2000 and 2009. For this purpose two non-parametric methods are used: Data Envelopment Analysis (DEA) and Free Disposal Hull (FDH). Selected output indicators in primary and secondary school are evaluated respect to public spending in education per student. As a study case, Colombia's efficiency scores are compared with the most efficient peers in each of the educational levels to identify best practices and achieve better results.
Mainly, this paper answers the question: How much better could the Colombian educational system perform in primary and secondary school, given the current levels of public expenditure in the sector? The frontier analysis will help us to identify the most efficient countries on delivering educational outputs and determine the relative efficiency of Colombia and the rest of the countries.
This paper is organized in six parts as follows. The first part presents the motivation and the financing education context in Latin America. The second part shows the theoretical framework about efficiency from the Theory of the Firm and describes how to overpass some limitations on the translation of this concept to the public sector. The third part presents the methodological framework, including the formal description of DEA and FDH, the specification of the calculations, and the reasons to select the inputs and outputs variables used. The fourth part uses both methods to measure the efficiency of public expenditure for each Latin American country in primary and secondary school, complemented by an efficiency analysis of teachers per student at both levels. The fifth part evidences Colombia's position in the region and compares it with the most efficient peers to identify best practices and achieve better results. The sixth part concludes and summarizes public policies to apply in Colombia.
I. Motivation and Context of Financing Education in Latin America
During the last decade Latin America has been characterized for an environment of economic growth, complemented by the increase of the public expenditure per student in primary and secondary school (Graph 1). Nevertheless, there are still some hurdles to be able to generate "education for all" by 2015 3 and create complemented policies on the provision of high quality secondary education. In this sense, the region still has on average 4.3% of illiterate youth people, 5.8% of children of official primary school age who are not enrolled in the education system, 6.2% of all the students in the last grade who do not finish the primary cycle and 38.1% of children of official secondary school age who are not enrolled; besides so many other problems in access, equity and quality. Since Latin American governments have to make decisions on educational public policies subject to a budget constraint, one of the key issues for the governments is not just how to expand the public expenditure on education, but also how to improve the efficiency of the current resources. 4 This concern has brought to the table the importance and the need to evaluate the desarro. soc. no. 74, bogotá, segundo semestre de 2014, pp. 19-67, issn government performance on education, specially the public expenditure, from an aggregate and international framework. 5 This exercise has been made in the education sector by Afonso, Schuknecht and Tanzi (2003) and Aubyn (2004, 2005) on the calculation of public expenditure efficiency in 25 OECD countries, by Clements (2002) for the European Union countries, by Gupta and Verhoeven (2001) in 37 African countries, by Herrera and Pang (2005) in 140 countries, and by Machado (2006) in 19 Central America and the Caribbean countries. All these studies use non-parametric techniques and measure the inputs in monetary terms. Nevertheless, we know just few about the efficiency of public spending in education in Latin America. Table 1 shows that during the last decade, on average, Latin American countries finance their education with 3.7% of its GDP, which represents 14.8% of the total government expenditure. From this resource, the government allocates 39.9% in primary school and 29.6% in secondary school. Nevertheless, there are big differences on how each country finance it educational system; for example Bolivia spend 6.1% of its GDP for education, while Ecuador just spend 1.15%. If we compare this effort as percentage of the government expenditure, we find that Mexico spend 23.8% and Panama and Ecuador just 8%.
From a raw financing perspective, the region has focused its funding in achieving better results in primary education, understanding that the expansion of the education enrolment at this level is the base of the learning process and further development for the countries. Nevertheless, Argentina, Brazil and Uruguay have allocated more of their resources in secondary than in primary levels, which is a natural step for those countries that are closer to the universalization of primary school. Similar situation happens to Chile which also has implemented universalization policies at this level and keeps a balanced expenditure on primary and secondary school. From a public spending perspective, if we express public educational expenditure per student as a percentage of GDP per capita for primary and secondary school, we can see the opposite situation than the one described before (see Table 2 and Graph 1). In this case, Latin America spends relatively more resources per student in secondary (11.1%) than in primary (10.4%). This is because secondary level has fewer students and the inputs (teachers, technology, infrastructure, etc.) are more specialized and expensive than those in primary. The last decade has been characterized by a positive environment for economic growth and the expansion of the public expenditure in education. However the social crisis of the region and the importance of the education spending on the total public expenditure have called the attention of authorities, academics and the people, to government spending performance. In this sense, this paper appraises quantitatively the efficiency of public expenditure for each country relative to the most efficients in the region. From my knowledge and the literature review, this exercise has not been made yet for Latin America. The definition and usage of the efficiency concept is well known from the economic Theory of the Firm, but we have little knowledge about its implications to measure the government performance.
According to the basic economic theory, one of the main functions of a firm is to use a productive process in order to transform limited inputs into outputs. Similarly for the government, one of its objectives is to produce public goods and services at the lowest cost possible (due a certain budget constraint), and find mechanisms to increase its effects on the population; which also brings the importance of the effectiveness in the process.
In general economic terms, productivity is defined as the ratio between outputs and inputs. Efficiency can be decompose in two ways: technical efficiency is the extent to which an agency maximizes the outputs produced from a given set of inputs or minimizes the input cost of producing a given set of outputs, and allocative efficiency is the extent to which an agency properly combines its limited inputs and/or outputs to ensure the minimal cost for the given market prices. 6 Finally, the effectiveness is defined as the extent to which an agency's outputs are capable to produce a desired outcome (all definitions are based on Hughes, 2002) . Figure 1 shows schematically the relationship between inputs, outputs and outcomes. Moreover, it shows that the efficiency of the production and the effectiveness of the outcomes may be influenced by differences in operating 6 The distinction between technical and allocative efficiency was introduced by Farrell (1957) According to Nispen tot Pannerden and Klaassen (2009, p. 6 ) "a specific value of productivity does not say much yet [...] , but only if it is related to a standard, it provides insight into the efficiency of the production process". This point of view has been applied on the measurement of the government performance because it shows that what is important is not only increasing the productivity or efficiency level, but also tries to get closer to certain standards, desired values or best practices of those peers who best use their resources.
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This method is called benchmarking and it should be understood, in this context, as a tool to determine the best usage of public resources by comparing the relative performance of an organization with its peers in order to identify "best practices", which can be implemented in those organizations that are not efficient. According to ten Raa (2009, p. 7) benchmarking "is useful because it maps the potential of a Decision Making Unit (DMU) 8 quantitatively -comparing actual outputs with potential outputs-and qualitatively -by identifying the best practices" that would eliminate the gap with the potential output.
Although the benchmarking analysis is a tool that allows the government to understand the efficiency of the public sector (in our case the education 
B. Overpassing the Limitations to Measure Efficiency in the Public Sector
Extrapolate the concept and usage of efficiency from the private sector to the public sector has limitations. This theoretical challenge has brought new additional elements to understand the particularities of the production process in the sector. Nispen tot Pannerden and Klaassen (2009) explain three kinds of problems: a) technical and methodological limitations to calculate the efficiency levels, b) organizational or behavioral incentives, and c) bottlenecks regarding facilities. These problems are very important on the public administration and cannot be ignored on an implemented evaluation system for public performance. Nevertheless, just the first one will be described deeply because it is the only problem that could concern on the exercise presented in this paper.
According to Nispen tot Pannerden and Klaassen (2009) and Trillo (2002) some of the most common technical and methodological problems are:
1) Identifying public outputs: The identification and comparison between public outputs (goods and services) are the main limitations mentioned in the literature about government performance evaluation. This problem is based on the fact that the government usually intervenes where markets do not exist or are incomplete, which brings problems on the identification, definition, measurement, and price determination of public goods and services.
In order to overpass this limitation, Prior, Vergés and Vilardell (1993) propose to identify a leader or dominant product that clearly shows a sign of the activity carried out by the government. In this order of ideas, a group of dominant outputs can give a closer overview of the government performance to achieve a determined public objective. 9 See section III to understand the public objective that this paper wants to analyze and the selection of input and outputs to evaluate efficiency in the education sector. 2) Identifying and differentiating the shared inputs to the corresponding outputs: Since it is hard to identify the public outputs, it is also difficult to identify the corresponding inputs. Moreover, in the public sector the relation between inputs and outputs is not always clear. This problem is reinforced by what it is called a "multi-production function nature". 10 This means that the government use many shared inputs that are overlapped to produce different outputs. This characteristic also brings the problem on the determination of a specific shape of the public production function.
As we just mentioned, the first step to overpass this limitation is through the selection of the leader inputs. In this sense, most of the public performance analyses have been focused on the evaluation of public expenditure, since this is one of the main mechanisms that the government has to transform the economic and social environment. The second step is through the selection of techniques that allow us to understand the relation between inputs and outputs under the conditions described above. In this sense, we suggest the usage of non-parametric techniques (DEA and FDH) to measure technical efficiency 11 (sections III.A and III.B formally explain the methods), mainly because of the following advantages:
They do not use any particular parametric cost function so other com-• plex non-linear relationship between inputs and outputs can be found. This advantage is particularly useful because in the public sector the shape of the production function is not defined.
They are based in a multidimensional linear program where it is possi-• ble to evaluate the relationship between multiple inputs and multiple outputs. This characteristic allows us to solve the problem of the "multi production function nature". These techniques have also disadvantages. First, they are not able to draw conclusions about influence of external factors or factor correlations with the efficiency scores. 14 Second, there are limitations to statistically test causality between inputs and outputs or the significance level of the variables, which is the main advantage of parametric models. Nevertheless, some authors as Simar and Zelenyuk (2011) have improved DEA and FDH estimators, by allowing the introduction of statistical noise and outliers. For this paper, the existence of outliers has been checked by the consistency of the time series data as suggested by Trillo (2002) .
The selection of inputs, outputs, and techniques to measure technical efficiency in an international framework, opens the discussion about the sensitivity of the public policy implications suggested by the efficiency analysis. In this order of ideas, the following section presents the technical explanation of the techniques selected and the reason to use them, the public objectives in primary and secondary school that we want to evaluate, and the reasons to 12 As it is shown by ten Raa (2009) market prices can be distorted because they may include monopoly power, trade preferences and many other non-cost based advantages, so the maximization process using market prices do not reflect performance.
13 "Accounting prices express the value of outputs in terms of costs, and leave not room for profits". Moreover, they are calculated in a hypothetical perfect competitive market and constitute the base of benchmarking analysis (ten Raa, 2009, p. 20) .
14 Herrera and Pang (2005) use a censored Tobit model in order to "identify factors correlated with the inefficiency scores variation across countries". On the other hand, Afonso and Aubyn (2005) use the same technique to explain the influence of environmental variables (non-discretianary inputs) in the inefficiency scores for the OECD countries. Nevertheless, they recognize that the data limitations and the assumptions on the estimations would make this analysis sensible and possibly biased (p. 15); especially for small samples (see Coelli, Rao and Battese, 1998 
III. Efficiency Analysis
In order to appraise quantitatively the efficiency of public expenditure of Latin American countries for the period between 2000 and 2009, we purpose the usage of two non-parametric methods: Data Envelopment Analysis (DEA) and Free Disposal Hull (FDH)
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. The reason to use these two non-parametric techniques is because the result that we address is to find a range where it is possible for each country to increase its outputs at the same level of inputs. This is possible because the aim of DEA is to find the most efficient 'virtual peers' for each country, by assuming a convex relation that envelop the observed data (input-outputs relation), while the aim of FDH is to seek just for the most efficient peers without assuming any convex combination between them.
A. Specifications for the Efficiency Analysis
This analysis considers a group I of 15 Latin American countries. 16 The government of each country i I ∈ uses an input x i (e.g., public education spending per student) to produce educational outputs y i , that as a whole represent the educational status of the country i.
15 For a technical explanation of DEA and FDH see Appendix 1.
16 The countries evaluated are: Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, Guatemala, Mexico, Nicaragua, Panama, Paraguay, Peru, El Salvador, Uruguay, and Venezuela. Costa Rica and Honduras are not considered in the sample because of lack of information. The reason to use this set of countries is because we want to analyze the efficiency of public expenditure in education just for Latin American countries, since they share common education models (production functions) but very different output levels. Technically, non-parametric methods allow having estimation of the efficiency frontier in small samples and address conclusions about those efficient and inefficient DMUs (in this case, countries). Nevertheless, it is important to recognize that efficiency scores might be sensitive to sampling variation (Simar and Wilson, 1998) if new DMUs are more efficient than the already frontier estimated. Hence the efficiency scores assigned should not be considered as "global" relative assessment measures, but rather solely as "local" (Zervopoulos, 2012) . Many authors have used non-parametric methods with small samples, such as Aubyn (2004, 2005) The public objective that we want to evaluate is the efficiency of the governments to achieve "education for all" at primary level, and give access to high quality secondary education.
In terms of public policy implications, we want to know how much each education system in Latin America could improve its educational outputs in primary and secondary school respect to the rest of the countries, given the current levels of public expenditure in the sector.
For this matter, this paper proposes two specifications to calculate the efficiency scores.
1) Efficiency of public expenditure in primary level. This is a single-input three-outputs analysis where public education spending per student in primary school
 is compared with the output vector y i ∈ ( )
which is constituted by literacy rate of youth, net enrolment in primary school and the primary completion rate.
2) Efficiency of public expenditure in secondary level. This is a single-input twooutputs analysis where public education spending per student in secondary school
 is compared with the output vector
which is constituted by net enrolment in secondary and the PISA average score.
It is commonly accepted that public expenditure is the most important input to expand the educational outputs. Nevertheless, input variables may include not only public expenditure per student, but also physical indicators such as teachers per student ratio, number of instruction hours, and availability of computer, among others. Of course these physical indicators are the result of public expenditure in the sector. In this order of ideas, we suggest a complementary analysis using teachers per student ratio (as a non-monetary input) instead of public expenditure in education.
The added value of this exercise is that we can pay attention on the efficiency usage of the most important non-monetary input in the learning process: teaching staff. In terms of public policy implications, we want to know how much each education system in Latin America could improve its educational outputs in primary and secondary school, given the current supply of teacher per student. For this matter, the two specifications to calculate the efficiency scores are: 1) Efficiency of teachers per student in primary level. This is a single-input three-outputs analysis where teachers per student ratio in primary school
2) Efficiency of teachers per student in secondary level. This is a single-input two-outputs analysis where teachers per student ratio in secondary school
B. Selection of Inputs and Outputs
The data base is a selection of variables from the Unesco Institute of Statistics, the World Bank Education Statistics (EdStats) and the OECD Programme for International Student Assessment 17 for averages between 2000 and 2009.
The following is the list of the variables and the explicit reasons to include them in the calculations.
Inputs:
Public education spending per student (2005 US$ -PPP terms): This • variable was selected to capture the governmental spending (capital investment) in the education sector. It involves the fact that the expansion of public spending will generate more educational outputs on the whole population. I agree with Gupta and Verhoeven (2001) when they state that the meaning of efficiency measures varies with the way the input is measured. This variable is measured by the annual expenditure on education per student (full-time equivalents) in US dollars (2005, constant prices) converted using Purchasing Power Parities. The input is comparable between countries and it is controlled by the size of the education system (measured by students). I avoid the usage of a common indicator such as public spending as a percentage 17 The complete list of variables used in the paper, data sources and definitions can be found in Appendix. of GDP because it shows the relative national priorities but not the public spending by itself. This is, if GDP decreases the spending ratio will increase even if the public expenditure does not change.
Teachers per student (%): This variable was selected to capture the • human capital (or non-monetary) resource allocated in education. In other words, it involves the fact that pupils can perform better by having a frequent interaction with teachers in smaller classes. Moreover, the availability of teachers also allows the expansion of education attainment and improvement of the quality.
These two inputs are split by primary and secondary levels. This differentiation is important because it allows us to have a more accurate measurement of the efficiency at each level. The usage of separate indicators is an overpass of the "level of aggregation limitation" faced by Herrera and Pang (2005) , when they suggest that ideally, the inputs should be use separately in primary and secondary education (p. 11).
Outputs:
Primary
Literacy rate of youth (%): This variable is included to evaluate the • capability of the government to provide young population (15 -24 years old) with basic reading and writing skills, which is one of the basic public policies in developing countries. This indicator is considered as a first measurement about a country's human capital. Notice that even the target population is between 15 and 24 years old, the variable is evaluated in primary school because the achievement of these skills are developed through this level. Literacy rate of adults (people ages 15 and more) is not included because the literacy level of population older than 25 years old do not depend on the resources invested during the last decade, which is the period evaluated in this paper.
Net enrolment in primary (%): This variable is commonly used to assess • the capacity of the government in achieve universal education at this level (e.g., achieve 100% in this indicator 
IV. Efficiency Results and Analysis
As it was described before, this section presents the relative technical efficiency of public expenditure on education in the Latin American countries. As a complementary analysis, the relative technical efficiency of the available teaching staff is also presented and compared with the first one. These exercises are presented for primary and secondary education, separately. Although input and output-oriented efficiency scores are calculated and presented in the tables, the interpretations will be focused on the output-oriented results because the main core of the public sector is to determine the percentage of public services that can be increased without decreasing the inputs used. Even more, from a budgetary policy point of view the government should not try to reduce the public expenditure to achieve the same amount of output (input-oriented analysis). But it should evaluate how much more output could produce at the same level of public expenditure (output-oriented). The inputoriented scores are used just as a reference to determine the wasted resources to achieve the current educational outputs.
Finally, some general considerations related with the demographic and economic profiles of the countries in the region are going to be stated in order to have a better understanding of the results presented. Table 3 shows the efficiency of public expenditure in primary school of each of the Latin American countries.
A. Education Efficiency Results in Primary School

Public Spending Efficiency in Primary School
Notice that the results from the input and output-oriented problems are not equivalent or complementary. The reason is because they address different objectives and have different public policies implications as it was described in section III.A. From one hand, the output-oriented result shows that the inefficient countries could increase between 3 and 4% the primary output indicators with the same public spending per student at primary level. On the other hand, from an input-oriented point of view the inefficient countries in the region are wasting between 37 and 45% of its resources on achieve the current output levels.
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19 The input-oriented result is mainly pulled by Venezuela and El Salvador. The first country is wasting between 49 and 62% of its resources because it is spending around 1.9 times than its efficient peer Paraguay to achieve a relative similar combination of outputs. On the other hand, El Salvador is wasting 65% of its public expenditure in primary because it spends 2.8 times than its efficient peer Ecuador. As it can be seen on as efficient when DEA is used. This result is based on the fact that most of the countries have very close results on the output indicators at very close medium-input level. On the other hand Guatemala, Nicaragua, El Salvador and Venezuela do not appear as efficient in any of the methods. Specially, the three first on this group are countries with low public expenditure, so they are still in the "soft" area of the educational production function, where is possible to increase the public spending and have higher results on the educational outputs.
The efficient countries, Argentina, Chile, and Uruguay are considered leaders in the region because their early implemented policies on universalization of primary education. Particularly, Uruguay has a middle average public expenditure per student on education, and it scores a high level on the three indicators. 20 On the other hand, Argentina and Chile perform a bit higher in some indicators, but spending more than twice.
The educational system in Uruguay has been recognized several times as one of the best in Latin America. Since early years it reached high levels in primary enrollment and literacy rate 21 , which shows the commitment of several governments in increasing the educational opportunities for the whole population. The success of the Uruguayan model is based on several public policies and reinforced by the reform made between 1995 and 1999, where the country established four guidelines to transform the sector: improvement on education quality, equity, dignity of teaching, and modernization of the education management. According to Cuadra (2000) Uruguay was one of the best countries in the enrollment rates, even comparable with industrialized countries, because of its successful policies in the universalization of primary education and semi-universalization at the pre-primary level. According to this author Uruguay, Chile and Argentina are a selected group of countries that desarro. soc. no. 74, bogotá, segundo semestre de 2014, pp. 19-67, issn have been above the Latin American averages on education levels since more than three decades ago.
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Brazil is an interesting case because it has one of the highest gross primary enrollment rates 23 of the region, so it is easy for it to have the highest primary completion rate. At the same time Brazil has a relative high level on literacy of youth and average net enrolment at this level. This educational profile suggest that Brazil is performing well in enrolling children to primary school but it still has a large population of the age group which do not officially corresponds to the level of education, basically because of repeaters, and kids that were lately enrolled.
Finally, Bolivia, Ecuador, and Paraguay appear as efficient because they have relative low public spending in primary (all of them below the average), and achieve relative high levels on the three output selected. Particularly, Bolivia implemented an educational reform on 1995 based on an administrative decentralized system with a target on providing education on the country side areas and prioritizing the access on primary education for all the children. This commitment has placed Bolivia on a high position in literacy of youth and has increased the net enrolment rate close to other countries such as Chile. Ecuador also has an educational system with compulsory primary level, and it has been close to achieve the universalization at this level since 2006. This process has been aligned with the rise on the literacy of youth and the process to keep a low repetition rate and high completion rate of the whole level (Unesco, 2011). Finally, education in Paraguay is also compulsory and free for all the kids in primary. Although the country has achieved high results on literacy rate, it has a net enrolment rate in primary below the average of the region and very close to the average on primary completion rate. In this sense, the lowest resources used to achieve this result place it as relative efficient in the region. 22 The effort of these three countries on improving the educational level has placed them on the first three positions in the Latin American HDI and on the 45th (Chile), 46th (Argentina) and 52nd (Uruguay) place on the worldwide HDI in 2010.
23 Gross enrolment rate is the ratio of total enrollment, regardless of age, to the population of the age group that officially corresponds to the level of education shown. In other words it includes overage students, mostly because of repeaters. The average gross enrolment rate in primary of Brazil is 137.4%. From an output-oriented point of view, inefficient Latin American countries, on average, could increase between 2 and 3% the primary output indicators with the same amount of teachers per student at primary level. On the other hand, from an input-oriented point of view the inefficient countries in the region are wasting 28% of its input (teachers per student) on achieving the current output levels.
Teachers per Student Efficiency in Primary School
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Comparing Table 4 and 5, most of the countries that are efficient using public expenditure in primary school are also part of the efficient group when teachers per student ratio is evaluated. Argentina, Bolivia, Brazil, Chile, Ecuador, and Uruguay are efficient using both inputs, separately. Nevertheless, it does not mean that it is because the two inputs are highly related; actually the correlation coefficient is positive, but weak (0.27). In this sense, the education public policies implemented in these countries have placed them as efficient using their teaching staff and the whole public expenditure in primary education, separately.
Other countries as Colombia, Mexico, Panama and El Salvador arise as efficient just when the second input variable is used. These countries have different characteristics to become efficient in the region. Colombia and Mexico are countries that are different in primary education spending, but very close in the available teaching staff at this level. This characteristic put them in a similar position with Chile, where each of them is more specialized producing a different output indicator within the three of them at the relative same level of teaching staff per student. Chile has the highest literacy rate of youth (99.01%), Colombia has the highest completion rate (101.07%), and Mexico has the highest net enrolment rate (97.61%) for the three countries.
Panama appears as efficient because it has a relatively high availability of teachers per student, and it performs better in net enrolment rate than the three countries mentioned before. This result shows that the country is getting closer to the universalization of primary education through the expansion 24 This result is pulled by Venezuela, which is wasting between 80 and 64% of the teaching staff per student for the level of outputs in primary school achieved. Particularly, it is using 2.4 times teachers per student ratio than its peer El Salvador for a similar level of outputs. Notice that it has the second highest teachers per student ratio and it achieve relative low levels in net enrolment and primary completion rate.
of the teaching staff, even if it is inefficient in the usage of the whole public expenditure in primary school.
Finally, El Salvador has the lowest teachers per student rate of the region, and achieves relative low levels in the three outputs indicators. Nevertheless, it performs better than other countries such as Guatemala and Nicaragua. As it was explained before, these countries are still in the "soft area" of the education production process, where is possible to increase the inputs (public expenditure or teachers per student) and achieve better results in all the three outputs. Table 5 shows the efficiency of public expenditure in secondary school of each of the Latin American countries.
B. Education Efficiency Results in Secondary School
Public Spending Efficiency in Secondary School
Notice that in this exercise just eight countries have participated on the PISA test, so the analysis is restricted to this sub-set of countries.
From an output-oriented point of view the inefficient countries of those eight countries, on average, could increase between 6 and 10% the secondary school enrolment and the quality of it, with the same public spending per student. On the other hand, from an input-oriented point of view the inefficient countries in the region are wasting between 32 and 44% of its resources on achieving the current output levels.
Notice that Brazil, Chile, Peru and Uruguay appear as efficient using both DEA and FDH. Particularly, Chile and Uruguay have implemented policies on the universalization of primary school and obligatoriness of secondary level, which also make them focus on policies to improve the quality of the educational services.
The Chilean process to get the highest net enrolment rate in secondary school, achieves the highest quality and becomes one of the most efficient countries in the region, it is supported in several educational reforms implemented since 1980. According to Bellei (2003) during the eighties, the Military Regime implemented policies to commercialize the primary and secondary education. In this sense, the government was giving subsidies to the demand and giving incentives to schools to offer better educational services at lower costs. These policies increased the education attainment, but kept limited the quality and the teaching autonomy of the schools. The reforms from 1990 agreed on the policies implemented before to increase the efficiency of public educational resources. Nevertheless, the government focused its effort in implementing tools for monitoring, evaluating, and encouraging schools to increase enrolment, to achieve better results and to promote the school decentralization. Finally, in 2003 the government established the necessary reforms to make secondary education free and compulsory based on an educational model with bases established about materials, subjects and funding, which improved the quality at this level.
Chilean educational reform process has been focused on the need to bring learning processes of quality for all the students. According to Bellei (2003) most of the reforms were based on a deep intervention of the organizational structure, curricula, evaluation methods, external connection, and labor links.
In other words, they were focused on the learning process and positive discrimination, which was possible after the universalization of primary level and obligatoriness in secondary school.
According to De Armas and Retamoso (2010) the Uruguayan education system has been recently intervened from 2000 to overpass the stagnation of the completion rates in primary and secondary. Specifically, the country has been working with UNICEF to strengthen the educational policies that allow the country to reduce the drop-out rates on secondary school and generate a high quality educational process.
Brazil appears as efficient basically because of the reform implemented on 1994 and reinforced after 2003 on the democratization of education. The main policies implemented were addressed to organize the funding of the educational system, the review of the educational law, the decentralization of the administration, and the establishment of subsidies programs as "Bolsa Escola", which is focused on providing economic help on the demand and supply side, especially to include vulnerable population to a high quality educational process.
Notice that Peru is the country that spend less in secondary school of these eight countries, and also achieve the lowest average score in the PISA test (similar score than Panama) and a high net enrolment rate (similar than Uruguay). This result is aligned with the conclusions presented by the Unesco (2011) report, where it is stated that Peru has been involved in a long process (since 1940) that has brought a constant increasing on school enrolment, but with trade-offs in other characteristics of the education system as quality and equity.
Surprisingly Argentina, which was relative efficient in primary school and has been recognized as a strong education system, is not efficient at secondary level. This result is based on the fact that the education system in secondary performs at low quality level despite the high rate of enrolment. Table 6 shows the efficiency of teachers per student in secondary school of each of the Latin American countries.
Teachers per Student Efficiency in Secondary School
From an output-oriented point of view, inefficient Latin American countries could increase between 9 and 11% the primary output indicators with the same amount of teachers per student at secondary level. On the other hand, from an input-oriented point of view the inefficient countries in the region are wasting 37% of its input (teachers per student) on achieving the current output levels.
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Chile appears as the only efficient country because it has the lowest available teaching staff per student of the eight countries, and it achieves the highest level of both output indicators. Comparing the inputs of this country in each of the calculations presented in secondary school, Chile has the third highest public expenditure, but the lowest teachers per student ratio. As it was explained before, this country implemented an educational reform in 2003 to make secondary education free and compulsory based on an educational model with bases established about materials, subjects and funding, but not necessary on the expansion of the teaching staff. In this sense, the country has kept a relative low teaching staff per student at this level, but better prepared for the teaching process. On the other hand, Uruguay is the country that being inefficient is closer to the efficient frontier (output-oriented score: 98). The main reason is that during the so called "First Five Years of Reformist Policies" (Primer Quinquenio Reformista) -implemented since 2000-the country set the "quality of education" as a pillar in the education process. The main strategies were directed on the creation of a new curriculum and the establishment of a strong innovation at the teaching training level through the "teachers regional centers" (Cuadra, 2000) . This reform was complemented with the Unicef's consultant to strengthen the secondary education cycle, reducing the drop-out rates and generating high quality educational process (De Armas and Retamoso, 2010).
These two countries are leaders on the production of high quality secondary education. Nevertheless, it does not mean that they are always efficient in the usage of each of the educational inputs, as it is the case of Uruguay. Although Brazil and Peru are not leaders at this level, it also apply that they are efficient using the public expenditure in education at this level, but they are not using their teaching staff per student.
C. General Considerations
Studying the Latin American education systems as a whole without a specific understanding of the characteristics of each country ignores the wide differences in social, demographic and economic levels within the region. According to Tadesco and Lopez (2002) the education sector in Latin America is hard to be enclosed as a whole, but it is possible to distinguish some characteristics and establish a typology according to the demographic profile and the development level of the countries.
The demographic profile -urban population and population growth-is a factor that facilitates or hinders the enrolment in each of the schooling levels and the achievement of other education outputs. Those countries with higher population in rural areas and high population growth have a harder challenge to achieve the universalization on schooling. On the other hand, the development level -measured through GDP per capita as a proxy-is related to a higher disposition from families and government to spend in educational goods and services. The interaction between these two characteristics allows us to differentiate four groups among the Latin American countries.
26
26 The name of the groups and the methodology of their clasification are based in Tadesco and Lopez (2002) . Nevertheless, these authors do not use this approach to evaluate efficiency and just do it to have a general view of the educational situation in Latin America. The selection of countries in each of the groups is based on a comparison between rankings in each of the three variable suggested. This methodology opens a discussion about the validity of including each country in its corresponding group. 27 However, the objective of this exercise is to show that Latin American countries have differences and similarities that characterized some of the education achievements. Table 7 shows the average of the five output indicators selected for each of the Latin American groups. Notice that most of the indicators decrease when one moves from group 1 to 4. However, in the specific case of net primary school enrolment the group 3 has a slightly higher rate than group 2, because 27 Countries as Peru have middle income level and its demographic profile is very close to the one of countries as Colombia and Venezuela, for which could be part of group 2. Tadesco and Lopez (2002) also find this problem in their classification of countries, which shows that some of them can easily pass from one group to another and change some results of the groups. Peru and Ecuador have implemented long term policies to universalize primary schooling with success, but without complete results. Meanwhile Brazil, Colombia and Venezuela are still behind to get this goal. In the case of primary completion rate group 1 is lower than group 2 because most of the countries in the second group have high gross enrolment rates that make them achieve completion rates higher than 100%.
About efficiency at these groups, notice that the members of group 1 are commonly efficient or very close to the frontier according to the analysis on the previous section. These countries have a high percentage of population living in urban areas (90.2%), a low population growth (0.74% per year) and a high income level (10,912 US$ per capita). These characteristics and their earlier commitment to the universalization of the basic educational cycle allow them to be always on the top of the education systems (see also the results of Tadesco and Lopez, 2002) . On the other hand, those countries that appear as efficient in primary but can be considered as part of the "soft area" of the educational production process are part of the group 3 (Ecuador) and 4 (El Salvador and Paraguay). Bolivia is a surprising case because it has a low percentage of population living in urban areas (64%), a high population growth (1.9% per year) and a low income level (3,647 US$ per capita) but it achieve relative high levels in all the output indicators selected, which makes it become an efficient country. This result shows that even the demographical profile and the economic level can restrict the public policies on education; it is possible to achieve the goal on providing education for all the children in countries with developing economies. A more detailed analysis could be necessary to understand the conditions of providing these educational outputs in the country.
V. Lessons for Colombia
Specially using DEA, Colombia never appears as a country using the public expenditure efficiently in primary or secondary school to achieve better results on education. In other words, the country is always spending the same amount of resources than others in the region but getting lower results at both school levels. From the complementary analysis, it appears as efficient using the teaching staff per student in primary school, but not at the secondary level. In this sense, the benchmarking analysis will provide insight to analyze Colombian's position in the region through focusing the attention on the efficient peers group, selecting the best practices, and discussing some public policies that can be implemented in the country.
One of the main problems pointed on the literature about Colombian educational sector is that the education system reforms were lately implemented and the results on the education systems have been delay in several levels (MEN, 2001; Unesco, 2011) . Just after the Constitution of 1991 the fundamentals principles of the education system were established, and since 1994 (General Law on Education, Ley 115/1994) the country has been implementing a specific framework to drive the development of the education future in the country. This lag in the law 29 and therefore the commitment on the education public spending has delayed the achievement of the desired levels of education.
In terms of primary indicators of education, Colombia has mixed results. As the positive one, the country has achieved an average literacy rate of youth of 97.8% between 2000 and 2009 which is very close to the level of its most efficient peers Argentina (99%) and Bolivia (98.6%). This result is mostly achieved because of the implementation of the National Literacy Program (Programa Nacional de Alfabetización) in 2002. However, the main challenge in this field is to guarantee the basic learning skills for those kids victims of internal war or violent displacement.
On the other hand, Colombia achieves 91.5% of net enrolment rate in primary school, while its efficient peers Argentina and Bolivia have implemented policies of universalization of primary school reaching 98.6 and 94.7% respectively. This result shows that Colombia has not implemented a clear and resolute policy on universalization of the education at this level, to achieve the UN Millennium Development Goal for 2015. In this sense, Colombia should focus its effort to strengthen the educational and administrative decentralization to enroll all the kids in the country based in a rights-based policy.
Finally, 101% of the students in primary school finish the cycle in Colombia. This result is very close to its efficient peers Argentina (100.8%) and Bolivia (100.2%). Nevertheless, these results have to be carefully read, because it is not just a matter of increasing the completion rate respect to other countries in the region, but also to achieve the highest level according to the gross enrolment rate, which for Colombia is 119.2% between 2000 and 2009 due the inclusion of over-age students.
Due the close results on literacy rate of youth and primary completion rate, Colombia reports an output-orientated efficiency score of .99 (DEA), which implies that the country could raise its output levels by around 1% with the same public expenditure at this level, if it were as efficient as Argentina and Bolivia. From the complementary analysis of efficiency of teachers per student, Colombia appears as efficient because it has a relatively medium level of this input and achieves similar results than the countries named before. 29 For a whole review on education law in Colombia, see Unesco (2011 About the secondary education the results show that Colombia still has a long process to work on. The net secondary school enrollment rate shows the critical situation at this level. During the period evaluated Colombia just enrolled 64% of the kids that should be in secondary school according to their age. As the comparable case, during the same period Uruguay enrolled 67.9% and Chile was able to enroll 85% on average at this level. This result is based on the fact that Colombia does not have an established policy to make the secondary education obligatory in the whole territory, because most of the monetary effort has been focused on decreasing the educational debts of the country in primary school (Tadesco and Lopez, 2002) .
Moreover, this situation is reinforced with low level on achieving scores on quality tests as PISA. The country could increase its secondary outputs indicators between 6 and 10% (efficiency score of .90 with DEA and .94 with FDH) with the same input level and achieve similar results than Uruguay and Chile, which are its efficient peers. In order to keep improving the quality of the learning process in Colombia the World Bank (2008) identifies three elements to address in the quality of secondary public policy: a) keep participating in this kind of evaluations and learn from them, b) allow people in critical conditions (poverty, violent displacement, rural areas, etc.) having access to high standard schools, and c) using the physical, human and monetary resources more efficiently through evaluating the weaknesses and strengths of the schools to allocate better these resources.
Finally, it is important to recognize that the results presented here can be sensitive according to the selection of inputs and outputs. In this sense, it is important to limit the efficiency analysis to the indicators selected and do not generalize it to the whole education sector. Moreover, here we present the efficiency scores calculated by DEA and FDH to have a range where is possible for policy makers to determine how much is it possible to increase the output indicators, for a certain level of input. Although the ranges are not very large for output-oriented results, the policies implications could change if just one of them is selected. 
VI. Conclusions
This paper appraises quantitatively the efficiency of public expenditure of 15 Latin American countries using cross-country data for averages between 2000 to 2009. For this purpose Data Envelopment Analysis (DEA) and Free Disposal Hull (FDH) were used to find a range where is possible for each country to increase its outputs at the same level of input (i.e., output-oriented result). Input-oriented results are also presented, but their explanation is not included in the conclusions because the question that this paper answer is addressed from a budgetary policy point of view (i.e., budget constraint) where is not possible to reduce the public expenditure for a certain level of outputs.
The following table shows the main results on the calculations for Latin America. The inefficient countries in the region could increase between 3 • and 4% the primary outputs with the same public expenditure and between 2 and 3% with the same amount of teachers per student at primary level.
Primary Secondary
OutputOriented
InputOriented
OutputOriented
The inefficient countries in the region could increase between 6 • and 10% the secondary outputs with the same public expenditure and between 9 and 11% with the same amount of teachers per student at secondary level.
Argentina, Brazil, Chile, and Uruguay commonly appear as the countries that achieve high levels of educational outputs for a medium-high level of public expenditure on education which make them efficient (or very close to the frontier) on primary and secondary.
The success of the south cone countries (Argentina, Chile and Uruguay) is based on an early governmental disposition to alphabetize most of their population, to universalize the primary education, to increase the primary completion rate, and to make important steps on the universalization of high quality secondary education. 30 All these achievements have been possible because of early implemented laws, a well-organized decentralization system (about funding and service delivery), and the government commitment with the human capital accumulation, besides their economic development and their favorable demographic profile. Brazil also appears as efficient in primary and secondary, although its demographic profile and economic development are different than the countries described before. This result is based on similar educational policies than those described, but without an explicit policy on the universalization at primary level.
Ecuador and Paraguay are countries that appear as efficient in primary but at a low input level, which put them at the "soft area" on the production of educational outputs, as well as Peru in secondary. Finally, Bolivia appears as a country with low public spending at the primary level but it achieves high outputs indicators.
As a study case, the efficiency scores of Colombia in primary and secondary were compared with the most efficient peers in the region to identify best practices and achieve better results. The following Colombia could increase its secondary outputs indicators between 6 • and 10% with the same public expenditure if it were as efficient as Uruguay and Chile. On the other hand, it could increase its secondary outputs indicators between 10 and 12% with the same amount of teachers per student in secondary school if it were as efficient as Chile.
The main problems of the country are the lag in the educational law and therefore the commitment on the education public spending to achieve the desired levels of education. These problems have set Colombia into a situation where it has been paying the past educational debts in terms of educational outputs.
Some of the main public policies that should be implemented or strengthened in Colombia in order to achieve better results and improve the efficiency of its resources are:
1) To guarantee the basic learning skills for those kids victims of the internal war or violent displacement.
2) To implement a clear and resolute policy on universalization the education at primary level to achieve the UN Millennium Development Goal for 2015.
3) To pay attention on over-age pupils evaluating the learning process during the whole cycle to avoid drop-outs.
4) To follow programs implemented in Chile and Uruguay about obligatoriness at secondary level.
5)
To follow the World Bank recommendations on keeping participating in cross-country quality evaluation tests and learn from them. To allow people in critical conditions (poverty, violent displacement, rural areas) having access to high standard schools and using the physical, human and monetary resources more efficiently through the evaluation of weaknesses and strengthens of the schools.
These policies should be implemented based in a rights-based policy and through the strengthening of the educational and administrative decentralization. 
Appendix 1
Now we come to the technical explanation of DEA and FDH based on a oneinput two-outputs example to further expand them to multiple-inputs and multiple-outputs in a linear programming problem.
A. Data Envelopment Analysis
Let us consider the following example. Four countries ( , , , ) i A B C D = , use a single input x i to produce two outputs y i 1, and y i 2, . Hence, twelve exogenous variables will be included in the calculations (Table 1A) . Table 1A .
Exogenous Variables: Input and Outputs (example)
Input
Output 1 Output 2
Country
Assume that the four countries have the same amount of input
Country A is more specialized (or has been focused) in the production of output 1, while country B is it in the production of output 2 ( ; )
Country C, on the other hand, produces a mix of both outputs, but it does not produce as much as each of the specialized countries ( ;
Finally, country D also produces a mix of both outputs, in the same proportion than country C, but it performs less than it ( ; )
Let us consider the case of country D. First we assume that this country wants to produce outputs at the same proportion, Y D 1, and Y D 2, . So we want to determine the potential outputs ( y D 1, and y D 2, , where  is the expansion factor) that country D can achieve if it adopts practices from the efficient peers. In this sense, the main aim is to maximize the expansion factor  of country D. To do so, country D must consider to split its input in its own practices and copying the behavior of the other three countries to produce both outputs. This can be represented by the input constraint        behaviors and all together must be less or equal than the input available for country D ( ) x D . On the other hand, the output constraints show that the weighted sum of the outputs must be grater or equal than the potential output. In this case, the allocation of the input would produce     1 + + + = in order to allow convexity of the frontier, accounting for variable returns to scale. 31 Variable returns-to-scale technology envelops the data tightly to determine the efficiency frontier. According to Fried, Lovell and Schmidt (1993) this assumption also makes that convexity on the production possibilities set be imposed by requiring strictly positive input to produce nonzero outputs. This assumption is appropriate when DMU are not operating at optimal scale because of imperfect competition, governmental regulations, constraints on finance, etc.
The linear programming problem to find the optimal expansion factor of country D and the corresponding weights is: 
The expansion factor  measures the distance between country D's production and the efficiency frontier ("best virtual producer"), which is defined as a linear combination that envelops the efficient countries. If * > 1 means that the evaluated country is inside the frontier (i.e., inefficient), as it is possible to have the radial increase in all the outputs. Meanwhile if * = 1 means that the country is on the frontier (i.e., efficient).  i reflects the weights used in the linear program to calculate the location of the inefficient country, if it were to become efficient. One of the main advantages of this model is that  i has the interpretation of Lagrange multipliers (i.e., shadow prices).
This linear programming problem has to be solved as many times as countries in the sample (in this case 4 times), so each time a different country has to be evaluated relative to the observed performance of the whole group.
The graphical representation of (1) is as follows ( Figure 1A) . Figure 1A .
Data Envelopment Analysis Efficiency Frontier (example)
Output1 0
Output2
Notice that countries A, B and C are efficient while country D is not. In this case, country D's potential outputs is country C's production, but in a more general case it could be any point of the efficiency frontier according to the proportion of outputs produced by the country. From this figure the expansion factor is OC/OD > 1.
If (1) is expanded to i n = 1, ..., countries, j k = 1, ..., inputs, and r m = 1, ..., outputs, the model will be as follows for a country D: Finally, the efficiency scores from the output-orientated problem is defined by the inverse value of the expansion factor of benchmarking problem (2),   = 1/ .
The linear programming problem in (2) is output-oriented, this means that we fix inputs and get "goal" outputs. A different exercise, input-oriented, would be fixing the outputs and getting "goal" inputs. The linear programming problem to describe this exercise is: Notice that we set the factor  to the input used, while the output constraint is fixed. This means that the linear programming problem is looking for the factor  that allows the DMU to reduce the inputs for a certain level of outputs. This approach is also used to determine the wasted resources to produce the outputs level achieved. Although both linear programming problems identify the same efficient peers, the scores of the rest of the DMUs are not equivalent, because they are different in the vector that can be modify (input or output) fixing the other one.
B. Free Disposal Hull
The proposed way to calculate the efficiency scores with FDH is based in the same programming problem presented in (1), (2) and (3) for the example, the expanded output-oriented model and the expanded input-oriented model, respectively. Nevertheless, this technique does not assume a convex combination between efficient peers, so it is necessary to impose that  i ∈ { } 0 1 , , to limit the possibility of expansion to "virtual peers" levels and keep the efficiency frontier with the observed efficient peers only. Literacy rate of youth -people ages 15 -24 (%) It is the percentage of people between 15 and 24 years old who can both read and write with understanding a short simple statement on their everyday life. Generally, 'literacy' also encompasses 'numeracy', the ability to make simple arithmetic calculations.
Net enrolment in primary (%)
It is the ratio of children of official school age based on the International Standard Classification of Education 1997 who are enrolled in school to the population of the corresponding official school age. Primary education provides children with basic reading, writing, and mathematics skills along with an elementary understanding of such subjects as history, geography, natural science, social science, art, and music.
Primary completion rate (%)
It is the number of non-repeating students in the last grade of primary school divided by the population of the official age of the last grade of primary.
Net enrolment in secondary (%)
It is the ratio of children of official school age based on the International Standard Classification of Education 1997 who are enrolled in school to the population of the corresponding official school age. Secondary education completes the provision of basic education that began at the primary level, and aims at laying the foundations for lifelong learning and human development, by offering more subject-or skill-oriented instruction using more specialized teachers.
Average PISA score in mathematics, reading and science (score) -constructed variable It is the average between the mean performance of the mathematics, reading and science scores for the PISA test in 2000, 2003, 2006 and 2009 . The correlation between scores is: mathematics-reading: 84.4%, reading-science: 96.6%, and mathematics-science: 93.9%.
Public education spending per student in primary (2005 US$ -PPP terms) -constructed variable
It is the public current spending on education in primary school divided by the total number of students at the same level. Public expenditure (current and desarro. soc. no. 74, bogotá, segundo semestre de 2014, pp. 19-67, issn 0120-3584 capital) includes government spending on educational institutions (both public and private), education administration as well as subsidies for private entities (students/households and other privates entities). This variable is denominated in equivalent US dollars converted using Purchasing Power Parities (PPP) of 2005, based on equivalents full-time students.
The variables were a construction from the original variables "Public expenditure per student in primary (%GDP per capita)" as follows: 
Public education spending per student in secondary (2005 US$ -PPP terms) -constructed variable
It is the public current spending on education in secondary school divided by the total number of students at the same level. Public expenditure (current and capital) includes government spending on educational institutions (both public and private), education administration as well as subsidies for private entities (students/households and other privates entities). This variable is denominated in equivalent US dollars converted using Purchasing Power Parities (PPP) of 2005, based on equivalents full-time students.
The variables were a construction from the original variables "Public expenditure per student in secondary (%GDP per capita)" as follows: 
Teacher per student ratio in primary (%) -constructed variable
It is the number of teacher in primary school, regardless of their teaching assignment, divided the number of pupils enrolled in all the primary levels. This variable is a constructed variable from the original "pupils-per teacher ratio (%)" included in the Unesco institute for statistics education data base. The transformation is as follows: 
TPS Students
Teacher per student ratio in secondary (%) -constructed variable
TPS Students Teachers
